ZNF 333 is a new and sole gene containing two KRAB domains which has been identified currently. It is a member of subfamilies of zinc finger gene complex which had been localized on chromosome 19p13.1. The ZNF333 gene mainly encodes a 75.5 kDa protein which contains 10 zinc finger domains. Using the methods of random oligonucleotide selection assay, electromobility gel shift assay and luciferase activity assay, we found that ZNF333 recognized the specific DNA core binding sequence ATAAT. Moreover, these data indicated that the KRAB domain of ZNF333 really has the ability of transcriptional repression.
Introduction
To a large extent, transcription factors play an important role in gene regulation and cellular differentiation by interacting with specific DNA sequences present in the promoter region of target genes. Several larger types of transcription factors have been identified (Miller et al., 1985; Bellefroid et al., 1991) . In mammals, zinc finger proteins emerged as the largest and most prevalent families and their versatility maybe the result of dramatic evolutionary expansion. Normally zinc finger proteins contain a sequence-specific binding motif in C terminal that can stabilize their structure through the coordination of a central zinc ion (McCarty et al., 2003) . In addition to a zinc finger region, most of these proteins also contain a regulatory domain in N terminal. In general, the mechanisms of transcriptional repression can be split into three types (1) by interacting with the basic transcription factors directly or through corepressor such as KAP-1 indirectly; (2) by recruiting a chromatin-modulating factor such as histone deacetylase to repress promoter activity; (3) by interfering with the binding of the transcriptional activator, such as with Sp1 family, by competing for the same binding site (Looman et al., 2002; Ayyanathan et al., 2003; .
According to different regulatory domain, zinc finger proteins can be further classified into various subfamilies such as Krüppel-associated box (KRAB) type, which was 75 amino acids conserved structure identified as a widely distributed transcription repression domain. So far, about one-third of the zinc finger protein genes carry the KRAB box, most of which mapped to the same region in a clustered organization. In humans, several KRAB zinc finger proteins families have been isolated on chromosome 12 or 19 (Rosati et al., 2001; Looman et al., 2002) ZNF 333 is a new and sole gene containing two KRAB domains identified in human genome (GenBank accession number AF372702),which localized on chromosome 19p13.1 (Tian et al., 2002) . ZNF333 gene exists two alternative isoforms, one encodes a 75.5 kDa nuclear protein which contains 10 sets of C 2 H 2 zinc finger structure, the other encodes a 19.5 kDa protein without zinc finger domain by using a different transcription initiation site. The former isoform is predominant in human cells. The expression of GFP-ZNF fusion protein demonstrated that ZNF333 is a nuclear protein (Chen et al., 2002) . The Pfam (http://www. sanger.ac.uk/Software/search.shtml) analysis demonstrated that each of the zinc finger repeats had a conserved 28 amino acids motif, with a consensus sequence of CX 2 CX 3 FX 5 LX 2 HX 3-6 . In human chromosome 19, ZNF333 is a member of the zinc finger families that exist in cluster form while its homologues was not reported in Celera mouse genome database.
In order to further understand the function of ZNF333, it is crucial to obtain the clues of downstream target genes it may regulate. To this aim, by using a random oligonucleotide selection assay (McPherson et al., 1999; Gebelein et al., 2001; Jheon et al., 2003; Tang et al., 2003) , a specific DNA binding consensus sequence of ZNF333 was isolated, then electromobility gel shift assay and luciferase activity assay were used to identify above analysis. Furthermore, the possible role of ZNF333 in gene regulation was discussed.
Materials and Methods
Plasmid constructs The full-length pcDNA 3.1 HisA ZNF333 plasmid constructed by our lab were used as template for all PCR amplification. Zinc finger region (amino acids 368 to 644) of gene ZNF333 was amplified using primer sets A (5'-CGCGGATCCTAT GCATGTAACAAATGTGAA-3' and 5'-CCGGAATTCTTAGGAT AAAGGCAGGCTGCC-3'), primer sets B (5'-CGCGGATCCGCA TGTAACAAATGTGAA-3' and 5'-CCCAAGCTTGCTCTCTTCC CACATGGGT-3') and primer sets C (5'-CCGGAATTCTAACAAA TGTGAAAAATCC-3' and 5'-CCCAAGCTTGTCTCTCTTCCCA CATGGGT-3') respectively and subcloned into pGEX4T-1; pET 43.1a and pVP 16 vector correspondingly (pGEX4T-1-ZNF', pET 43.1a-ZNF'; pVP 16 ZNF'). The KRAB region (amino acids 4 to 267) was amplified using primer sets D (5'-CCCAAGCTTGGATG GAATCCGTCACCTTTGA-3' and 5'-CTGAATTCATAGAGTTT TTCTCCAGGCTG-3'), digested and inserted into pcDNA 3.1 HisA vector (pcDNA KRAB). The GST-ZNF construct (pGEX4T-1-ZNF') was used for the random oligonucleotide binding (ROB) assay. The NusA-His -ZNF construct (pET 43.1a-ZNF') was used for Electrophoretic Mobility Shift Assay (EMSA) and pVP 16 ZNF' plasmid and pcDNA KRAB plasmid were used for luciferase assay. Firefly luciferase reporter plasmids were assembled by annealing oligonucleotides containing 5 copies of ROB sequence flanked by overhanging KpnI/BglII restriction enzyme sites for subsequent cloning into pGL3 basic vector. Hemagglutinin (HA)-tagged Kid-1expression plasmid (pMT-Kid1) and His tagged Kid-1 expression plasmid (pET21b-Kid1) used as control were kindly supplied by Ralph Witzgall (University of Regensburg, Germany) (all see Fig. 1 ) (Tekki-Kessaris et al., 1999) . The sequences of all constructs were verified by direct DNA sequencing.
Protein expression and purification The pGEX4T-1-ZNF' plasmid was transformed into BL21 (DE3) E.coli bacteria. The bacteria were grown in Luria-Bertani (LB) medium containing 100 mg/ml ampicillin to an OD at 600 nm of 0.8-1.0 at 37 o C before inducing by the addition of 0.4 mM isopropyl-1-thio-β-D-galactopyranoside (IPTG) for 4 h, then the whole lysate was collected .The NusA-Hisfusion proteins were expressed as described above and the lysate was subsequently purified by Ni-NTA His · Bind ® Resins affinity chromatography according to manufacturers suggestions (Novagen Biotech, Madison, USA).
Random oligonucleotide selection assay Whole cell lysates of GST-ZNF were separated by SDS-PAGE and transferred to a nitrocellulose membrane. The random oligonucleotide selection assay was adapted from the methods as previous described (Thiesen et al., 1990; Sukegawa et al., 1993; Jheon et al., 2001) . The membrane was renatured overnight at 4 o C in 15 ml of 50 mM TrisCl, 100 mM KCl, 2% Triton X-100, 10% glycerol (pH 7.5) in the absence (150 mM EDTA + 10 mM dithiothreitol) or presence (+1 mM ZnCl 2 ) of zinc. Double-stranded (ds) DNA was prepared from oligonucleotide pool (5'-CGCTCTAGAACTAGTGGATCN 14 -ATC GATACCGTCGACCTCGA-3') using KS primer (5'-TCGAGGTC GACGGTATCGAT-3') in a 50-µl reaction containing 1 mM oligonucleotide pool, 1 mM KS primer, 1 mM dNTPs, 10 mCi of [α- the membrane in renaturation buffer (see above) in the absence (+10 mM EDTA + 2 mM dithiothreitol) and presence (+1 mM ZnCl 2 ) of zinc ion at 4 o C overnight. The membrane was washed for 6 h at 4 o C in 100 mM KCl, and the amount of DNA bound was visualized using a PhosphorImager and ImageQuaNT software (Molecular Dynamics Biotech, Sunnyvale, USA). The positive band was aligned to the blot and excised. The excised membrane was washed in 400 mM KCl for 10 min and then eluted with 500 µl of 1 M KCl overnight. 5 µl elution product was amplified by PCR using SK (5'-CGCTCTAGAACTAGTGGATC-3') and KS primers using conditions described above but amplified for 35 cycles. The amplified product was used for the next round of selection and was repeated for a total of five rounds. After five rounds, the product was PCR-amplified for 35 cycles, purified and ligated into pGEM-T easy Vector (Promega, Madison, USA), and the clones were sequenced and sequence data were analyzed by ClusterX software.
Electrophoretic Mobility Shift Assay (EMSA)
The sequences that we have analyzed were amplified and purified as describe above, then the PCR products and a series of mutant probes (see Fig. 5 ) were labeled using [γ-32 P]ATP (3000 Ci/mmol)and T4 polynucleotide kinase (Takara, Kyoto, Japan). The labeled oligonucleotides were subjected to EMSA analysis. The 25 µl reaction mixture for EMSA contained the following components: about 2 ng labeled oligonucleotide, 800 ng purified NusA Hisfusion proteins in the binding reaction buffer [20 mM HEPES pH7.9, 50 mM KCl, 10% glycerol, 0.5 mM DTT, 0.01 mM Zn(AC) 2 , 2 mM MgCl 2 ,4% Ficoll 400 and 1 µg poly(dIdC)]. The proteinDNA complexes were incubated at room temperature for 20 min then resolved on a 4.5% polyacrylamide gel (40 : 1) gel in 0.5 × TBE buffer. For competition studies, excess unlabeled (cold) DNA was added 5 min prior to the addition of probe. Oligonucleotides used for competition EMSA experiments included known zinc finger binding element oligo (GC), Oligo(GT) (Cook et al., 1999; Philipsen et al., 1999; Turner et al., 1999) .
Cell culture, transient transfection and transcriptional reporter assay
The human HEK 293 cell line was maintained in the high glucose DMEM media with 10% fetal calf serum and antibiotics (100 µg/ml penicillin and 50 µg/ml streptomycin) (Gibco/BRL, Gaithersburg, USA) at 37 o C and 5% CO 2 . For transcriptional regulatory assays, approximately 3 × 10 5 HEK 293 cells in 35-mmdiameter tissue culture wells were transfected by using Lipofectamine (Invritrogen, Carlsbad, USA) with 1.5 µg of effector plasmid (either pcDNA 3.1 HisA ZNF333; pVP 16 ZNF' or pcDNA KRAB), 1.5 µg of recombinant pGL3 firefly reporter plasmid, and 0.8 µg of Renilla luciferase control plasmid pRL-sv40 vector. The Renilla luciferase control plasmid pRL-sv40 vector was used to normalize for transfection efficiency (Sakai et al., 2003) . The cells were assayed 48 h post-transfection for relative luciferase activities according to the manufacturers instructions.
Results
Identification of the core binding sequence of ZNF33 The presence of zinc finger motifs in ZNF333 suggested an ability of this protein to bind to DNA. Therefore, a GST-tagged zinc finger construct (GST-ZNF) and a NusA-His tagged zinc finger construct (Nus A-His-ZNF) were prepared by expressing the protein in E. coli bacteria. By SDS-PAGE analysis, the former revealed a major IPTG-induced protein band of 59 kDa ( Fig. 2A) while the latter show a induced protein of 99 kDa (Fig. 2C) , corresponding to the hypothetical molecular mass of ZNF333 zinc region. Random oligonucleotide selection assay was used to identify the consensus binding site, GST-tagged fusion proteins were transferred to nitrocellulose and renatured in the absence (-Zn) and presence of zinc (+Zn), prior to hybridization with radiolabeled oligonucleotides. Randomized 14-mer oligonucleotides with flanking primer sequences were incubated with the nitrocellulose-immobilized GST-ZNF and GST control protein in the absence and presence of zinc. After five round selections, Zinc-dependent binding of oligonucleotide band was observed only in the GST-ZNF blotting region (Fig. 2B) , then the pool of oligonucleotide was cloned and 34 inserts were sequenced. The data analyzed by Cluster X show a core consensus sequence ATAAT in 16 clones (Fig. 3) .
ZNF333 is a specific DNA binding protein To further testify the specificity of ZNF333 binding to the purified oligonucleotide sequences, we performed gel shift analysis using all 16 individually radiolabeled oligonucleotide probes. Another fusion tagged (Nus A-His tag) zinc finger protein of ZNF333 purified above was applied to binding protein assay. Furthermore, a known KRAB zinc finger protein Kid1 containing 13 C 2 H 2 zinc finger motifs was used as a negative control, other control application was shown in Fig 4. Competitive EMSA and mutation analysis were also performed as shown in Fig. 5 . EMSA results had shown that Nus A -ZNF333 protein can bind to all the probes contains ATAAT while the Nus A tag protein and Kid1 protein can not bind this element, and Nus A -ZNF333 protein cant interact with the series of mutation probe shown in Fig. 5 . Further study demonstrated that the binding can be abolished by the addition of the zinc chelating agent EDTA. Finally, failure of the Nus A ZNF333 protein to interact with probes containing well-characterized binding sites for other zinc finger transcription factors in competition assay reveals that this protein binds to DNA in a sequencespecific manner.
ZNF333 represses transcription of promoters containing the ATAAT core sequence Next we wanted to learn if ZNF333 has the ability of transcriptional regulation, so 5 copies of ATAAT core sequence were cloned into upstream of a luciferase reporter gene of pGL3 basic vector as reporter plasmid and the pRL-sv40 vector was used as standard. Above plasmids were cotransfected with effector plasmids shown in Fig. 1 .
It is obvious that the luciferase activity of pVP ZNF (contain VP16 tag) increased about 6 fold and the activity of pcDNA-ZNF333 decreased about 5 fold while the activity of pcDNA KRAB nearly had no change (seen in Fig. 6 ), which means that one hand, the zinc finger of ZNF333 certainly recognized the promoter which contains the sequence of ATAAT and functioned transcriptional regulation by this means, and on the other hand, the KRAB domain of ZNF333 acted as an transcriptional repression role. Transcriptional regulatory assays were also used to determine if another KRAB-ZFP can regulate the expression of above luciferase reporter. To address this question, we performed transcriptional regulatory assays using Kid-1 protein, whose KRAB domain has been previously shown to repress transcription in GAL4 assays, the results show clearly that the full-length Kid-1 protein is unable to repress the expression of reporter vector, which further demonstrate that ZNF333 can regulate transcription by binding DNA in a sequence-specific manner.
Discussion
The series of mutation analysis revealed that the 5 bases core sequences are vital to the specific binding of ZNF333, any substitute of which would lead to the loss of DNA binding ability.
Most DNA-binding consensus sequences of zinc finger protein are GC-rich (Conroy et al., 2002; Peng et al., 2002; Tanaka et al., 2002; Chrisman et al., 2003) , and the majority of housekeeping genes have high GC content, so the target genes of such zinc finger protein are also presumed to be housekeeping genes. In our study, the specific binding sequence of ZNF333 is not GC-rich, which means that the target genes of ZNF333 may be not housekeeping genes.
Fig. 5.
Competitive EMSA and mutation analysis of the ZNF333 consensus binding site. A series mutated sequences (mut1, mut2, mut3, mut4, mut5 and mut6, all the probe only show the core sequence in the figure) were synthesized for the EMSA binding study. Mutated nucleotides are underlined. Lane 1 to 3 Competitive EMSA study was porformed using S1oligonucleotides as the probe, mut1, mut2 and S2 were used as competitor respectively. Each lane contained a 500-fold molar excess cold competitor. The results showed that mut1 and mut2 could not compete with S1 with the specific protein/DNA complex while the S2 could. Lane 4-9 Mutation analysis demonstrated that ZNF333 consensus binding site is conserved.
Considering the ZNF 333 belong to the subfamily of KRAB zinc finger protein existing in cluster organization on 19 chromosome, so it may be the member of the family derived from same progenitor gene, the function of members can substitute each other (Shannon et al., 1998; Dehal et al., 2001) .
The function of ZNF333 was known little up to now. By northern analysis we learn that ZNF 333 can expressed in heart, placenta, liver, skeletal muscle, kidney and pancreas and lymphocytes, especially can be detected the highest level in heart tissue (Tian et al., 2002) . Thus, searching the ATAAT sequence in the human promoter database (EPD, http:// www.epd.isb-sib.ch/promoter_elements/), we found several possible target genes of ZNF333, such as EIF3s2, Cox6A1, Fig. 6 . Luciferase activity assay in HEK 293 cells .Experiment were performed in quadruplicate and the results were reported as mean ± SD. The data was shown as the relative luciferase activity and the ratios to respective control were also shown in the figure. (A) Kid1 has only 123 percent relative activity to its control, which suggests the zinc finger domain of Kid1 could not bind to ATAAT promoter. (B) The full length of pcDNAZNF333 vector exhibited only 19% of control activity while pcDNA KRAB lacking of the zinc finger domain did not exhibit transcription activity, (C) A fusion construct which contains another known strong transcriptional repression activation domain VP16 and the zinc finger domain of ZNF333 was used to cotransfection, the results shows that 6.13 folds of control activity. The results strongly suggested that one hand, the zinc finger domain of ZNF333 could recognize ATAAT promoter in a specific manner, and on the other hand, the KRAB domain of ZNF333 has transcriptional repression activity. PPP2R4, BCL2L12 (Fig. 7) . Since only about 1600 human promoter sequences were registered in EPD, the further search for target genes of ZNF333 within human genome is still difficult at present, many unknown genes are expected to exist in human genome. The luciferase assay revealed that the ZNF333 definitely has the ability of transcriptional repression. It is interesting to note that, even when fused in strong transcriptional activation domain such as that of VP16, the ZNF333 zinc finger was only able to increase the transcriptional activation sixfold. This indicates that the binding affinity of the zinc finger domain may be low and the ZNF333 need to be posttranslationally modified or to bind in conjunction with other factors. By Prosite analysis, we indeed found that the coding region of ZNF333 contains several phosphorylation site either in N-terminal or in C-terminal, such as protein kinase C and casein kinase II and Tyr kinase consensus region, which suggests that the phosphorylation take part in the mechanism of transcription repression (Schultz et al., 2002) . There is evidence that phosphorylation is necessary to optimize the ability of some proteins to initiate transcription (Nielsen et al., 1999; Zhang et al., 2003) . Thus, in addition to the involvement of zinc fingers in DNA binding, interactions of the ZNF333 with other proteins maybe modulated by KRAB domain and/or by phosphorylation of the protein. Furthermore, although ZNF 333 contains 10 zinc fingers, but its core binding sequence is only 5 bases, while other 10 zincfinger protein such as KS1 has 9 bases binding sequence (Gebelein et al., 2001 ); 4-finger-protein ZNF 219 has 5 bases binding sequence (Sakai et al., 2003) . According to prior deduction (McCarty et al., 2003) , structure of C 2 H 2 domain which can bound to DNA contains two anti-parallel â-sheets and an α-helix in general. Using the Predator Program (http:// www.embl-heidelberg.de/) and PSA analysis (http://bmercwww.bu.edu/psa/), we found three such typical structure, far less than KS1, so its fingers could not contribute equally to the specific binding. Further study will performed to determine which finger was vital for binding.
In conclusion, a series of study of binding site assay had shown that ZNF 333 protein recognized a consensus binding site ATAAT. Furthermore, it is noteworthy that ZNF 333 has the ability of transcriptional repression. Structure analysis and luciferase assay suggested the participation of post-translationally modification such as phosphorylation in the process of transcriptional regulation. The insights are useful for our understanding of DNA recognition mechanism of transcriptional regulator, the structural analysis of other zinc finger families and study of promoter region of downregulation gene.
